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DESCRIPTION 

DEVICE 

FIELD OF THE INVENTION 

This toventlon relates to moisture distribution wlthm a polymer electrolyte 
fuel ceU (PEFC). 

BACKGROUND OF THE INVENTION 

Tokkal Hel 8-138691, pubUshed by Japan Patent Office In 1996. discloses 
a moisture transporting structure of a polymer electrolyte fuel cell (PEFC). 
Tt.e polymer electrolyte fuel cell (PEFC) is provided with a membrane electrode 
assembly (MEA) in which a polymer electrolyte film is sandwiched by gas 
diffusion electrodes (GDEs) that consUtute an anode and a cathode. The 
membrane electrode assembly (MEA) Is gripped by a pair of plates. Gas 

cham^els facing the cathode and the anode, respectively, are formed in the 

plates. 

The membrane electrode assembly (MEA) generates a large amount of 
water vapor as a result of a reaction between hydrogen ions and oxygen in the 
gas diffusion electrodes (GDEs). On the other hand, in order for the membrane 
electrode assembly (MEA) to separate hydrogen into protons and hydrogen 
ions needed to power generation. It is necessary for the membrane electrode 
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assembly (ME^) to xnalntata a molst state at all ttaes. In the prior art. the 
plates are corrstltuted by using a porous substance, thus causing generated 
moisture to be absorbed therein. The moisture Is transported by capillary 

action and supplied to dry portions of the membrane electrode assembly 

(MEA) where humldiflcation is necessary. 

SUMMARY OF THE INVENTION 

Polymer electrolyte fuel cells (PEFCs, according to the prior art perform 
the transportation of moisture from a moist portion of the membrane electrode 
assembly (MEA) to the dry portion only by capillary action within the plates. 
Therefore, a sufficient amount of moisture cannot be transferred from the 
moist portion to the dry porUon if the moisture transporting distance between 
the two portions is long, and there is a possibiUty that the moist state of the 
membrane electrode assembly (MEA) cannot be made uniform. 

For this reason, it is difficult to completely prevent phenomena that are 
undesirable in terms of power generation funcUon. such as "diyout" in which 
a portion of the membrane electrode assembly (MEA) becomes dry or • flooding' 
in which localized moisture blocks supply of the caOrode gas to the membrane 
electrode assembly (MEA). 

It is therefore an object of this invention to Improve the transporting 
performance of moisture from a moist portion of a membrane electrode assembly 
(MEA) of a polymer electrolyte fuel ceU (PEFC) to a dry portion. 

It is a further object of this invention to suitably control moisture witiiin 
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a fuel cell stack that uses a polymer electrolyte fuel ceU (PEFC). 

in order to achieve the above objects, this invenUon provides a polymer 
electrolyte fuel cell comprismg a membrane electrode assembly compristog a 
polymer fllm and a pair of electrodes formed on both surfaces of the polymer 
flto. a downstream gas supply channel facmg a speciflc electrode of the pair of 
the electrodes, an upstream gas supply channel Which supplies a reacUon gas 
to the downstream gas supply channel and Is not facmg the specie electrode, 
and a parUtlon wall which is made from a porous material, is arranged 
substanually paraUel to the polymer film, and partiUons the downstream gas 
supply channel and the upstream gas supply channel. 

This invention also provides a power generation device compristog a fuel 
cell stack in which a plurality of polymer electrolyte fuel cells are lamtoated. 

Each of the fuel cells comprises a membrane electrode assembly comprising 
a polymer film and a pair of electrodes formed on both surfaces of the polymer 
flta. a downstream gas supply channel factag a speciflc electrode of the pair of 
the electrodes, an upstream gas supply channel which suppUes a reaction gas 
to the downstream gas supply channel, and is not factog the speciflc electrode, 
and a partition waU which is made from a porous material. Is arranged 
substantially parallel to the polymer fllm, and partitions the downstream gas 
supply channel and the upstream gas supply channel. 

The fuel cell stack comprises a flrst tolet manifold which distributes the 
reaction gas to tire upstream gas supply channel of each of the fuel cells, a 
flrst outiet manifold which coUects the reaction gas from the downstream gas 
supply channel of each of tire fuel cells, a second outiet manifold which 
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coUects the reacUon gas of the upstream gas supply channel of each of the 
foel ceUs, and a second inlet manifold which distributes the reacUon gas to 
the downstream gas supply channel of each of the fuel ceUs. 

The power generation device further comprises a blower which forcibly 
supplies the reaction gas collected by the second outlet manifold to the 
second inlet manifold. 

•n.e details as well as other features and advantages of this invention are 
set forth in the remainder of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a power generation device according to 
this invention. 

FIGS. 2A and 2B are longitudinal sectional views of a fuel cell according 
to this invention. 

FIG. 3 is a longitudinal sectional view of essenUal parts of a fuel ceU 
stack according to this invention. 

FIG. 4 is a front view of a porous bipolar plate according to this invention. 

FIG. 5 is a front view of a first soUd bipolar plate according to this 
invention. 

FIG. 6 is a front view of a second solid bipolar plate according to this 
invention. 

FIG. 7 IS a front view of an impermeable layer according to this Invention. 
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FIG. 8 IS a diagram for explaintog a relationship between temperature 
and saturation vapor pressure. 

FIG. 9 is a diagram showing gas temperature and relative humidity in 
various positions within a cathode gas channel, according to the prior art. 

FIG. 10 is slmUar to FIG. 1. but shows a second embodiment of this 
invention. 

FIG. 11 is a longitudinal sectional view of a fuel ceU according to a 
second embodiment of this Invention. 

FIG. 12 IS a front view of a porous bipolar plate according to the second 
embodiment of this invention. 

FIG. 13 is a front view of an impermeable layer according to the second 

embodiment of this invention. 

FIG. 14 is a diagram showing gas temperature, relative humidity, and 
moisture amount in various positions within a cathode gas channel, according 
to the second embodiment of this invention; 

FIG. 15 is a front view of a porous bipolar plate according to a third 
embodiment of this invention. 

FIG. 16 is similar to FIG. 1. but shows a fourUi embodiment of this 

invention. 

FIG. 17 IS a diagram for explaining a relationship between gas flow rate 
and pressure difference between an upstream cathode gas cham^el and a 
downstream cathode gas cham^el according to the fourth embodiment of ti.ls 
invention; 

FIG. 18 is a diagram for explaining a relationship between power generation 
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load of a fuel cell stack and oper^ of a pressure regulaUng valve accordtog 
to the fourth embodiment of this invenUon. 

FIG. 19 IS a longitudinal sectional view of essential parts of a fuel cell 
stack for explaining a lammate structure of a fuel cell according to a fifth 
embodiment of this invention. 

P-IG. 20 is Similar to FIG. 1. but shows a sixth embodiment of this 

invention. 

FIG 21 is a longitudinal sectional view of essential parts of a fuel cell 
stack for explaining a laminate structur. of a ft.el ceU according to a seventh 
embodiment of this invention. 

FIG. 22 is a front view of a first soUd bipolar plate according to the 
seventh embodiment of thte invention. 

FIG. 23 is a longitudinal sectional view of essential parts of a fuel cell 
stack for explaining a variation relating to the laminate structure of a fuel 
cell according to the seventh embodiment of this invenUon. 

FIG. 24 is Similar to FIG. 1, but shows an eighth embodiment of this 
invention. 

FIG. 25 is a schematic diagram of a cathode gas supply control device 
according to the eighth embodiment of this invention. 

FIG. 26 is a flowchart tor explaining a cathode gas supply routme executed 
by a controller according to the eighth embodiment of this invention. 

FIG. 27 is a schematic digram of a power generaUon device for explaining 
a varlauon relating to cathode gas supply, according to the eighth embodiment 
of this invention. 
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DESCRIFnON OF THE PPEFERPED EMBODIMENTS 

Referrmg to FIG. 1 of the dra,vlngs. a power generation device Is provided 
^tn a fuel ceU stack I , an anode gas supply unit 2 for supplying hydrogen to 

supplying a. to the fuel ceU stac. I as a cathode gas. and a cooling unit 4 for 
cooling the fuel cell stacle 1. Tt.e fuel cell stack 1 Is consUtuted by a large 
number of laminated polymer electrolyte fuel ceUs (PEFCs). 

The anode gas supply unit 2 suppUes the anode gas from an anode gas 
source 5 through an anode supply passage 2A to an Inlet manifold 7 of the 
^el cen stack 1 . A pressure :.gulatlng valve 6 for regulaUng the anode gas 
pressure Is provided In the anode supply passage 2A. The anode gas Is 
discharged from an ouUet manifold 8 as an anode effluent after circulating 
..thin the fuel cell stack 1. A recirculation passage 9 and a purge valve 11 are 
com.ected to the outlet manifold 8. T^e recfrculatlon passage 9 Is com^ected 
to the anode gas supply passage 2A upstream of the pressure regulatfrig valve 
6 A recirculation pump 10 Is provided In the reclxculatton passage 9. 

The purge valve 11 Is closed during normal operation, and the anode 
effluent that has been discharged from the outlet manifold 8 Is recirculated to 
the anode supply passage 2A via the recirculation passageeby the r^ulatlon 

pump 10. T^e purge valve 1 1 Is opened durUig purgtag. and the anode effluent 

within the fuel ceU stack 1 Is released to the ambient atmosphere. 

Acathode gas supply unltssupplles air aspirated throughafflteriebya 
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.lower 15 to an Mlet manifold 17 of the fUel cell stacK 1 through a cathode 
gas supply passage a/^ H^e air that has circulated within the fuel cell stack 1 
IS discharged to the ambient atmosphere as a cathode effluent from an ouUet 
manifold 18 through a pressure regulating vahre 19. 

T^e cooling unit 4 circulates a coolant within a coolant tank 20 to the 
fuel cell stack 1 in order to maintain the fuel cell stack 1 at an optimal 
temperature. "H^e coolant within the coolant tank 20 is suppUed to an inlet 
manifold 22 of the fuel ceU stack 1 through a coolant supply passage 4A by a 
pump 21. -n^e coolant that has circulated within the fuel ceU stack 1 is 
discharged from an outlet manifold 23 to a coolant coUectlon passage 4B. and 
IS coUected in the coolant tank 20 after heat is released in a radiator 24. 

All of the inlet manifolds 7, 17, and 22, and all of the ouUet manifolds 8, 
18, and 23 branch inside the fuel ceU stack 1. and communicate with channels 
formed in each of the fuel cells that form the fuel cell stack 1. 

Referring now to FIGs. 2A and 2B. the structures of the cham>els within 
each of the fuel cells will be described. T^e fuel ceUs are made from a 
membrane electrode assembly (MEA) 26, a first solid bipolar plate (solid BPP) 
27, a porous bipolar plate (porous BPP) 28, and a second soBd BPP 30. 

TTxe pon,us BPP 28 corresponds to a first plate m the claims, -me first 
solid BPP 27 corresponds to the second plate in the claims, and the second 
solid BPP 30 corresponds to the third plate in the claims. 

The MEA 26 is a composite body of a soUd polymer electrolyte film 26A, 
and an anode gas diffusion electrode 26Bandacathode gas diffusion electrode 

26C that are disposed on both sides of the soUd polymer electrolyte fdm 26A. 
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-me MEA 26 IS sandwiched by the first soUd BPP 27 and porous BPP 
28. nie second solid BPP 30 is disposed in contact with the porous BPP 28. 

An anode gas channel 31 that faces the anode gas diftision electrode 26B 
,s formed in the first solid BPP 27. Tlie first solid BPP 27 is constituted by a 
gas-impermeable material. 

An upstream cathode gas channel 32 that faces the second soUd BPP 30. 
and a downstream cathode gas cham^el 33 that faces the cathode gas difiuslon 
electrode 26C are formed in the porous BPP 28. The upstream cathode gas 
channel 32 communicates with the inlet manifold 17, and the downstream 
cathode gas channel 33 communicates with the outiet manifold 18. FIG. 2A 
shows a transverse section in which the fiiel cell Is cut along a center line of 
the entrance manifold 17. and FIG. 2B shows a transverse section in which 
the fuel ceU is cut along a center Une of the ouUet manifold 18. "n.e inlet 
„«nifold 17 and the outlet manifold 18 are formed to pass through the fuel 
cell stack 1 in a longitudinal direction, in other words, in a direction in which 
the fuel cells are lamtoated, as shown in FIGS. 2A and 2B. 

Ttae upstream cathode gas channel 32 and the downstream cathode gas 
channel 33 are separated by a partition wall 28A that forms a portion of the 
porous BPP 28. A through hole 34 tiiat communicates witi, the upsti-eam 
cathode gas channel 32 and the downstream cathode gas channel 33 is formed 
ti^rough the partition wall 28A in ti.e porous BPP 28 at a location that is 
furthest away from the inlet manifold 17 and the ouUet manifold 18. 

The porous BPP 28 is constih^ted by a porous material that has innumerable 
microscopic pores through which gasses and liquids can pass. It should be 
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' noted mat the mlcroscople pores are blocked due to Uqutd surface tension a 
Uquld such as water exists Ir^slde the material, ar>d the«fore gases are pr«ver.ted 

from passing through. 

A coolant channel 29 Is formed m the second soUd BPP 30. The second 
soUd BPP 30 IS constituted by a gas-Impermeable material. 

FIG. 3 shows a transverse section of the fuel ceU stack 1 cut to a 
direction orthogonal to FIGs. 2A and 2B. As shown to FIG. 3. many stogie fuel 
celU are lamtoated to the fuel cell stack 1, and the coolant channel 29 Is 
tlghUy sealed by a back surface of the f.st solid BPP 27 of the adjacent fUel 
cell Also, as shown to the flgure. the anode gas channel 31 Is partlUoned by 
a pluraUty of parallel ribs 27A that form a portion of the first soUd BPP 27. 
The upstream cathode gas channel 32 and the downstream cathode gas channel 
33 are partlUonedbyaplurallly of parallel ribs 32A,andaplurallty of parallel 

ribs 33A, respecuvely, that form a portion of the porous BPP 28. The coolant 
channel 29 Is partitioned by a plurality of parallel ribs 30A that form a 
portion of the second soUd BPP 30. 

FIG. 4 IS afrontvlew of the porous BPP 28. and corresponds to a diagram 
of the porous BPP 28 of FIG. 2A as viewed from below. Tl.e tolet manifold 7 
and the outlet manifold 8 of the anode gas, and the tolet manifold 22 and the 
outlet manifold 23 of the coolant pass completely through the fuel cell stack 1 
as Shown to this flgure, similarly to the tolet manifold 17 and the outlet 
manifold 18 of the cathode gas. 

one end of the upstream cathode gas cham^el 32 to the porous BPP Is 
connected to the tolet manifold 17,and the other end of the upstream cathode 
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gascha™>e.321scon„ectedtoU.ethroug.hole34. One end of the downst.^ 
cathode gas channel 33 ts connected to the ouUet n^antfold 18, and the other 
end of the downstrean. cathode gas channel 33 is connected to the through 



hole 34 



The cathode gas supplied from a blower 15 flows into the upstream 
cathode gas channel 32 from the inlet manifold 17 as shown in FIG. 2A 
passes through the through hole 34, and arrives at the downstream cathode 
gas Channel 33. At the downstream ca^ode gas channel 33, after o^gen is 
supplied to the gas diffusion layer of the MEA 26, the cathode gas is discharged 

to the outlet manifold 18 as a cathode effluent. 

Referring again to FIG. 4, the cathode gas that flows in from the inlet 
^old 17 flows down the upstream cathode gas channel 32 and reaches the 
through hole 34. 

Jetties 32B are formed at two locations in the upstream cathode gas 
channel 32 as shown in FIG. 4. and the ribs 32A are disposed to detour 
around the jetties 32B. The cathode gas accordingly detours around the 
jetties 32B. meanders in a substantially S-shape as shown by a solid Une 
arrow, before it reaches the throu^ hole 34. 

After passmg through the through hole 34. the cathode gas flows into the 
downstrean, cathode gas channel 33 expanding on the reverse side of the 
partition wall 28A. Jetties 33B that are similar to the JetUes 32B are formed 
to the downstream cathode gas channel 33 on the reverse side of the JetUes 
32B The cathode gas flown out from the through hole 34 detours around the 
jetties 33B formed at two locaUons, and meanders in a substanUaUy S-shape 
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^fo.d 18. Ot^e dashed Une m the v,c.n.ty of the ouUet n.anifold 18 shows 
the ouUine of .he downstx^an, cathode gas channel 33. The inlet n^antfold 17 
3nd the ouUet manifold ISare disposed adjaeendy to each other.andrespectivety 

penetrates the porous BPP 20 on its outer circumference. 

Ttxe inlet manifold 7 and the ouUet manifold 8 of the anode gas, and the 
^et manifold 22 and the ouUet manifold 23 of the coolant also respectively 
penetrates the porous BPP 28 on Its outer circumference but in locations that 
do not interfere with the inlet manifold 17 and the outlet manifold 18, as 
shown in FIG. 4. 

Referring to FIG. 5, one end of the anode gas channel 31 in the first solid 
BPP 27 is connected to the inlet manifold 7, and the other end of the anode 
gas channel 31 is connected to the outlet manifold 8. Two Jetties 273 are 
formed in the anode gas channel 31. and the ribs 27A are disposed to detour 
around the Jetties 27B. The anode gas that flows into the anode gas channel 
31 from the inlet manifold 7 therefore detours around the Jetties 32B, and 
meanders in a substanUaUy S-shape as shown by a soUd line arrow, before it 
reaches the outlet manifold 8. 

Referring to FlG. 6. one end of the coolant channel 29 in the second solid 
BPP 30 IS connected to the inlet manifold 22, and the other end of the coolant 
channel 29 is com^ected to the outlet manifold 23. JetUes 30B axe formed in 
the coolant channel 29 at two locations, and ribs 30A are disposed to detour 
around the Jetties 32B. Ttxe anode gas that flows into the anode gas channel 
31 from the inlet manifold 22 therefore detours around the Jetties 32B and 
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'meanders to a substantlaUy S-shape as shown by a soUd toe arrow. befo« it 
reaches the outiet manifold 23. 

Referring to FIG. 7. the porous BPP 28 is consmuted by a porous material 
through which gasses and liquids can pass. An impermeable layer 100 is 
therefore formed by impregnating a resin into the porous BPP 28 in the outer 
circumference of the porous BPP 28. and the inner circumference of the 
n^anlfolds 7, 8, 17. 18, 22, 23 and the through hole 34 as shown by the 
hatchings in the figure so that gasses and moisture do not leal, out from the 
porous BPP 28. 

Referring again to FIG. 2B. moisture vapor is generated by a reacUon 
between o^gen Within the cathode gas and hydrogen that has passed through 

the electrolytic film in the gas diffusion electrode of the MEA 26 facing the 
downstream cathode g^channel33. Further, the cathode gas of the downstream 
cathode gas channel 33 becomes high temperature due to the heat of reaction 
between hydrogen and o^n in the gas difiusion electrode of the MEA 26. 

Referring to FIG. 8, if the temperature of the cathode gas becomes high, 
the saturation vapor pressure tocx^ases rapidly. Hie cathode gas that flows 
down the downstream cathode gas channel 33 therefore contains a large 

amount of moisture vapor. 

on the other hand, referring to FIG. 2A. the air supplied from the Inlet 
manifold 17 of the cathode gas to the upstream cathode gas channel 32 is 
ambient air supplied from the blower 15. and is relatively low temperature 
with respect to the fuel cell during operation. Tlie upstream cathode gas 
channel 32 near the inlet manifold 17 therefore becomes low temperature. 
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-n.. Wgh texnperature cathode gas of the do,™stream cathode gas chaxu^el 33. 
which IS disposed on the rear side of the upstream ca^ode gas char„.el 32 
and IS near the ouUet manifold 18 Is cooled through the partlUon wall 28A of 

the porous BPP 28. 

AS a result, the saturation vapor pressure of the cathode gas of the 
downst^am cathode gas channel 33 drops, and saturated water vapor pe^^eates 
as a Uduld into the _rable mlc^scoplc pores of the partition waU 28A of 
the porous BPP 28 due to capillary action. As shown by a plurality of small 
arrows In FlGs. 2A and 2B. the water that permeates Into the partition wall 
28A moves within the partition wall 28A toward the dried upstream cathode 
gas channel 32. As stated above, the cathode gas of the downstream cathode 
gas channel 33 Is high temperature, and therefore the temperature of the 
water that condenses from the cathode gas of the downstream cathode gas 
chamrel331salsohigh. Moisture that passes through the partition wall 28A 
and reaches the upstream gas channel 32 therefore heats and humld^es the 
cathode gas within the upstream cathode gas channel 32. 

Therefore, the cathode gas of the upstream cathode gas channel 32 has 
been pre-heated and pxe-humldlfled when It IS suppued from the through hole 

34 to the downstream cathode gas channel 33. 

T^at is. the cathode gas of a downstream portion of the downstream 
cathode gas channel 33 that has the highest temperature and highest humidity 
and the cathode gas of an upstream portion of the upstream cathode gas 
ehamiel 32 that has the lowest temperature and lowest humidity perform 
moisture and temperature CKChange over a short moving distance through the 
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pa^Uon wan .8A — ed W a ^rous »ate.al. ^erefore. « .s possible 
to efficiently exchange the moisture and texnperature in a large amount. 

^ a result, the cathode gas m the upstream portion of the downstream 
cathode gas channel 33 contains a large amount of moisture at a high 
.em^rature. ^s ma.es the humidity distrihuiion and the moisture distrihution 
uniform over the entire length of the downstream cathode gas channel 33 that 
faces the MEA 26. 

P.O 9 Shows changes m the temperature and the relative humidity 
^thm the cathode gas channel according to the prior art. As shown in the 
r.gure. the temperature and the relative humidity of the cathode gas channel 
.othmcrease as the distance f.om the inlet manifold increases, or the distance 

to the ouUet manifold debases. As a result, the cathode gas is discharged 

from the ouUet manifold while containing a large amount of water vapor. 

Purther. if the moisture that exceeds the saturaUon vapor pressure condenses. 

then flooding tends to occur m the vicinity of the outlet manifold. On the 
other hand, the temperature and the relative humidity of the cathode gas 
Channel are hoth low m the vicinity of the inlet manifold, and therefore 

dryout tends to occur. 

discussed above, in this power generation device, the temperature 
atstrihution and the moisture distrihution are made uniform over the entire 
length of the downstream cathode gas chamrel 33. which faces the MEA 26. 
^environment can therefore be Obtained in Which neither dryout nor floodmg 

occurs. 

Mthough the porous BPP 28 is provided only for the cathode side in this 



He™ to PIG. 10 to a second e— ent of this tnvenUo n wtU 

be described. 

powe. gene^Uon dev.ce shown .n FIO. 10 d^Te,. fron> that of the 
fl.st e— ent In the structure of the cathode gas supply unit 3, 
upst^ean. cathode gas channel 3. of each fuel cell . connected to an exte^al 
p.pe 3.A that leads to a hlowe. 38 outs.de of the fuel ceU stacK 1 through a 
.econd outlet manifold 36. hlower 38 ta.es tn the cathode gas of the 
ex^^al pipe 39. and forcibly sends out the cathcKle gas to an e=demal pipe 
SSB The cathode gas that Is sent out to the extenral pipe 39B .s redlstHhuted 
,o downstrean. cathode gas channel 33 of each of the fuel cells through a 
second mlet mantfold 37 that is formed in the fuel ceU stack 1. 

RefeiTing to FIG. 11, the second outlet nranifold 36 that conununicates 
the upstream cathode gas channel 32, and the second inlet manifold 37 
.hat con-municates with *e downstream ca^ode gas channel 33 are fonned 
. the porous BPP 28 as suhsUtutes for the through hole 34. As shown in 
no 12 a.e second outlet manifold 36 and the second inlet manifold 37 each 
pass longitudinally through the fuel ceU stacU 1 in ne^Iy the same posiUon 
as the airough hole 34 of the first embodiment. 

^.ahle laver 100 is formed on the outer 
Referring to FIG. 13. an mipermeable layer lu 

Ccumference of the porous BPP 28. and on wall surfaces of each of the 
manifolds 7. 8. 17. 18. 22. 23, 36. and 37 by impregnating a resin to the 
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porous BPP 28 as sho^vn by the hatchings In the figure. 

Other structures of the power generation device ^ IdenUcal to those of 

the first embodiment. 

T^e cathode gas that flows along the upstream cathode gas channel 32 Is 
pulled into the blower 38 In this power generaUon device, and therefore the 
upstrean. cathode gas channel 32 ta.es on a negative pressure, while the 
aownstrean. cathode gas channel 33 ta.es on a positive pressure due to the 
cathode gas being send out by the blower 38. A pressure difference thus 
develops between the upstream cathode gas channel 32 and the downstream 
cathode gas channel 33. Movement of Uquld-phase water, which develops In 
the downstream cathode gas channel 33, to the upstream cathode gas channel 
32 through the partition wall 28A Is therefore promoted further. 

Referxtag to FIG. 14, the relative humidity between the upstream cathode 
gas channel 32 and the downstream cathode gas channel 33, the temperatures 
tt^ereof, and the amount of moisture thereto change to accordance with position. 
1„ the upstream cathode gas pathway 32, the temperature tocreases as the 
distance to the second ouUet manifold 36 decreases due to heat exchange 
^th the downstream cathode gas channel 33 through the parUUon wall 38A 

to the cathode gas therefore becomes greater. On the other hand, moisture 
that has passed through the partition wall 28AJotos the cathode gas of the 
upstream cathode gas channel 32, so the relative humidity also tocreases as 

the distance to the s«ond ouUet manifold 36 decreases, and ftoaUy It reaches 

a hundred percent. 
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in U.e downstream cathode gas channel 33. the temperature decreases as 
the distance to the outlet manifold 18 decreases, as a result of heat exchange 
With the upst^am cathode gas channel 32 through the partiUon wall 28A. As 
a result, the amount of moisture capable of being contained in the cathode 
gas is reduced, and excess moisture condenses, "nre condensed moisture 
„.oves to the upstream cathode gas chamrel 32 through the partition waU 
28A The amount of moisture capable of betog contained in the cathode gas 
thus becomes smaller as the temperature in the « of the outlet manifold 
18 is reduced, and. accordingly, the amount of moisture discharged to the 
outside while contained in the cathode gas can be suppressed. 

,„ order to reduce temperature changes when the cathode gas passes 
through the external pipe 39A that connects the blower 38 and the second 
ouUet manifold 36. and the external pipe 39B that connects the blower 38 
and the second Inlet manifold 37. it is preferable to cover at least one of the 
external pipes 39A and 39B With a themral insulating material. 

RefeningtoFlG. 15. a third embodiment of this invention wffl be descried. 
,„ this embodiment, the cross sectional area of the outiet manifold 18 Is 
set larger than the cross sectional area of the mlet manifold 17, and the cr.ss 
sectional area of the second inlet manifold 37 is set larger than the cross 
sectional a.^ of the second outlet manifold 36. Other structures are identical 
to those of the second embodiment. 

The MEA 26 faces only the downstream cathode gas channel 33 of the 
porous BPP 28. and does not face the upstream cathode gas channel 32. 
Therefore, it is necessary to make the flow of the cathode gas uniform m the 
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downstream cathode gas channel 33. but .t Is not necessary to do so m the 

upstream cathode gas channel 32. 

^^^ew.dthsofthecrosssecuonoftheout.etmanlfold 18. which serves as 

an outlet of the downstream cathode gas channel 33. and the cross section of 
the second Inlet manifold 37. which serves as an Inlet of the downstream 
cathode gas channel 33. are ^creased until they become nearly equal to the 
width of the downstream cathode gas channel 33. Instead, the widths of the 
cross sections of the Inlet manifold 17 and the second ouUet manifold 36 are 
^de smaUer. By setting the cross sections of the Inlet and ouUet manifolds 
.n this way. the flow of the cathode gas In the downstream cathode gas 
channel 33 is rendered uniform. 

p^ferrtog to FlGs. 16 to 18. a fourth embodiment of this invenUon will be 

described. 

Befe^ to no. 16. a power generaUon device acconling to this embodiment 
corresponds to the power generation device of the second embodiment In 
Which a pressure regulating valve 40 is further provided in the cathode gas 
supply passage 3A. 

The amount of moisture that moves from the downstream cathode gas 
channel 33 to the upstream cathode gas channel 32 through the partition 
wan 28Adepends upon the pt^ssure difference between the downstream cathode 

gas channel 33 and the upstream cathode gas channel 32. 

Referring to FIG. 17, the pressure difference between the downstream 
cathode gas chamrel 33 and the upstream cathode gas channel 32 becomes 
larger as the flow rate sent out by the blower 38 Increases. -n>e pressure 



„e between t.e do^st^a. cathoae gas — 33 and me upst^ 
eathoOe gas — 32 is smaU .f the flow rate sent out by blower SB .s 
s.an. and the amount of n^ove^ent of „.o.stute through the partition waii 
28A Is also small. 

By providing the pressure regulating valve 40 in addition to the pressure 
.gulaung valve 19, it beconies possible to set this pressure difference to 
arbitrary values, ^at is. for identical flow rates sent out by the blower, the 
pressure of the upstreani cathode gas channel S2 drops when the opening of 
..e pressure regulating valve 40 decreases, and the pressure of the do^strean, 
cathode gas channel increases when the opening of the pressure regulating 

valve 19 decreases. 

m either case, the pressure difference between the pressure of the 
aownst^an. cathode gas channel 33 and the pressure of the upstrean. cathode 
gas Channel 32 increases, and the an^ount of n^oisture that n^oves through 
a.e partition wall 28A increases at the Identical cathode gas flow rate. 

When the power generation load on the fuel ceU staclt 1 is s„iaU, the flow 
.teofthecathodegassuppUedisalsosniall. The pressure difference between 
U.e downstream cathode gas channel 33 and the upstreani cathode gas Channel 

32 is thei^foi. also small. According to this embodiment, however, movement 
of a necessary amount of moisture through the parUtion wall 28A can be 
ensured by controlling the openings of the pressure regulating valve 40 and 

the pressure regulating valve 19. 

Referring to FIG. 18. by reducing the openings of the pressure regulating 

..lvesl9and 40 as thepower generation load on the fuel ceUstacKlbecomes 
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s„^e. the affe^ce ™ downstrean. cathode gas — 

33 and the upstrean. cathode gas channel 32 can ren^aln unchanged, so the 
„t of tnotstu. -vh.g through the partmon wall 28A can also re„>am 
unchanged. The amount of n>oisture that »oves through the parUtlon wall 
38A .s ensured according to this en,bodl»ent even when the power generation 

upstream portion of the downstre^ cathode gas channel 33, and flooding In 
^edownstreamportlonofthedowns.rean.cathodegaschannel33aretherefore 

prevented from occurring. 

Referring to FIG. 19, a fifth embodiment of this Invention will be described, 
™s embodiment relates to the structures of the porous BPP 28 and the 
second soUd BPP 30 of a fuel ceU, The upstream cathode gas channel 32 and 
e,e downstream cathode gas channel 33 a« formed m the porous BPP 28 In 
tt.e flrst embodiment, but the upstream cathode gas cham^el 32 Is formed In 
tt.e second solid BPP 30 In this embodiment, along with the coolant pathway 
29 Onlythedownstreamcathodegascham.el331sformedlntheporousBPP 
28 otherfeaturesofthefue,cellareldentlcaltothoseofthearstembod.ment. 

rt^e upstream cathode gas channel 32 and the downstream cathode gas 
eham^el 33 are also defined In this embodiment by the partition wall 28A that 
forms a portion of the porous BPP 28. Similarly to the first embodiment, 
moisture moves from the downstream cathode gas cham^el 33 to the upstream 
cathode gas channel 32 through the parUtlon wall 28A. and therefore the 
moisture distribution of the MEA 26 can be made uniform, 

■me ribs 32A that partition the upstream cathode gas channel 32 are 
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fonned In the second soUd BPP 30 according to this embodiment. The porous 
BPP 28 IS constituted by a porous material,. The porous material is generaUy 
weaker in strength and more difficult in processing thananon-porous material. 

According to this embodiment, the amount of the porous material used iS 
.educed by foxing the ribs 32A m the second soUd BPP 30. and therefore the 
structural strength of the fuel cell stac. 1 can be increased, and the structure 
of the porous BPP 28 can be simpUfied. Further, if the amount of the porous 
material used is reduced, the amount of moisture that remains within the 

state is reduced. As a result, the amount of ice that must be melted wheh the 
fuel cell stack 1 is started at a temperature below zero is reduced, and a 
.educuon in the startup time and a reduction m the amount of energy 

consumed in deftosUng can be achieved. 

* n,= fi«,t anlid BPP 27 and the second solid 
It is also possible to integrate the first soUd Bi-r ^< 

BPP 30 in this embodiment. 

Referring to FIG. 20, a sixth embodiment of this invention will be described. 

This embodiment corresponds to unifying the first solid BPP 27 and the 
second soUd BPP 30 in the first embodiment, and dispostog a separator 43 
between the second soUd BPP 30 and the porous BPP 28. "me separator 43 
„ay be forced of any material that is electrically conductive and functions to 
eutoir the coolant and the cathode gas. Effects similar to those of the first 
embodiment can be obtamed according to this embodiment, whUe the number 
of bipolar plates can be reduced. 

Referring to FlGs. 21 to 23. a seventh embodiment of invention will be 
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described. 

™s en>bodin>e„t corresponas to the «Uel ceU stack 1 of the second 
.node gas channe. 31, the coolant channel 29. and the upstream cathode gas 

cathode gas channel 33 Is formed in the pon,us BPP 28. 

Refernng to FIG. 21, the coolant channel 29 and the upstream cathode 
gas Channel 32 are formed on the same vertical plane of the flrst soUd BPP 27. 
^ .mpermeahle portion 44, through which gases and coolants do not pass, is 
formed in the portion of the partition wall 28A of the porous BPP 28 that 
faces the coolant channel 29. ^e impermeahle portion 44 is formed by 
topregnating a resin into the porous material, for example. 

Referring to FIG. 22, the upstream cathode gas channel 32 is formed in 
an upper porUon of the first soUd BPP 27, and the coolant pathway 29 is 

from the inlet manifold 17, which is disposed on the upper ..ght-hand side of 
the hgure, toward the second outlet manifold 37, which is disposed on the 
upper left-hand side of the figur., in the upstream cathode gas side of the 
flgu„, detour, around the Jetties SOB and flows toward the ouUet manifold 23 

in the coolant pathway 29. 

on the other hand, in the porous BPP 28, which is disposed on the rear 
..ae of this cross section, the cathode gas flows in the downstream cathode 
gas channel 33 f.om the second inlet manifold 37. which is disposed in the 
lower left-hand side of the flgure, toward the ouUet manifold 18, which is 



- 24 - 



..sposed . *e upper Hght-hand side of the figure, as showr. by a dashed Une 



arrow 



accordingly, only the moisture of the cathode gas .n the downstream 
poruon of the downstream cathode gas ch^ei 33 moves through the parution 

.all 28A and to the upstream cathode gas channel 32 in the fuel ceU stac. 1. 
Xhe cathode gas in the downstream porUon of the downstream cathode gas 
Channel 33 contains a large amount of moisture, and this moisture is supplied 
the upstream cathode gas cham^el 32 through the partition wall 28A. 
According to this arrangement also, flooding in the vicinity of the outlet 
manifold 18 as well as dryout in the vicinity of the second inlet manifold 37 
can be prevented. 

moisture in the upstream portion of the downstream cathode gas 
chamiel 33 is prevented form moving to the upstream cathode gas channel 32 
^ tt.s embodiment due to the impermeahle portion 4. formed in the partition 
wall 38A. However, the amount of moisture generated in the upstream porUon 
the downstream cathode gas channel 33 is originally smaU, and flooding 
does not develop in the upstream portion of the downstream cathode gas 
chamtel 33 even if the moisture in this porUon does not permeate the partiUon 

wall28A. 

addition to the effects of the iirst embodiment, the fifth embodiment, 
the Sixth embodiment, the fuel ceU becomes thinner according to this 
embodiment, so the length in the axial direction of the fuel cell staC 1 can be 
shortened. 

Next, referring to FIG. 23, a variation of the seventh embodiment wUl be 
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described. 

Herein, the Unpenneable portion 44 is formed over the entire portion of 
the porous BPP 28 that faces the coolant channel 29 instead of fom^ing the 
^pem^eable portion on the partition waU 28A hy hnpregnating a resin. T^e 
impermeable portion 44 Is constituted by a material similar to that of the first 

upstream cathode gas channel 32 is constituted by the porous material. 

Since it is not necessary to Impregnate a resin into the porous material 
^ order to form the Impermeable portion 44, the amount of the porous 
material used in a fuel cell can be further reduced. 

Referring to FIGs. 24 to 27, an eighth embodiment of this invenUon will 

be described. 

A power generation device accordmg to this embodiment is similar to the 
power generation device of the fourth embodiment. According to this 
embodmient, however, a first cutoff valve 47 Is further provided in the external 

mlet manifold 37. In addition, a discharge pipe 48 Is diverged via a second 
cutoff valve 49 from the external pipe 39B upstream of the first cutoff valve 
47 Further, a liquid water trap 50 for trapping liquid phase moisture IS 

provided in the external pipe 39A between the second outlet manifold 36 and 

the blower 38. 

Referring to FIG. 25. the power generation device is further provided with 
a controller 41 for controUmg the opening and closmg operations of the 
pressure regulating valves 19 and 40. the openmg and closmg operaUons of 
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the first cutoff valve 47 and the second cutoff valve 49, and operation of the 
blower 38. 

The controUer Is consUtuted by a nUcrocomputer that Is provided with a 
central processing unit (CPU,, a read only memory (ROM,, a random access 
memory (RAM,, and an Input/output Interface (I/O Interface,. It Is also 
possible to constitute the controUer by using a pluraUty of microcomputers. 

in order to perform the above control, signals from a main switch 51 for 
commanding me power generation device to operate or to stop, a temperature 
sensor 55 for detecting an ambient temperature Tof the fuel cell stack 1. and 
an inverter 56 for detecting the power generation load on the fUel cell stack 1 
are respectively input to the controUer 41 . 

The controUer 41 executes a cathode gas supply routine shown In FIG. 26 
based on these slgnaU. The routine execution starts In synchronism with the 
„aln switch 51 turned on, and thereafter the routine Is repeatedly executed at 
intervals of ten mU.lseconds until termhratlon of the routine execution Is 
coirmianded within the routine. 

First, to a step SI. the controUer 41 determines whether or not the main 

switch 51 has been turned on. 

When the main switch 51 has been turned on. in a step S2, the controller 
41 reads In the ambient temperature T of the fuel ceU stack 1. and. In a step 
S3, determines whether or not the temperature Tis greater than zero degrees 
centigrade. 

When the temperature Tls not greater than zero degrees centigrade. In a 
step S4. the controUer 41 closes the pressure regutating valve 40, opens the 
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cutoff valve 49, and operates the blower 38. Finally, a counter value /Is reset 
to zero. The controller 41 completes the routine after the processes of the 
Step S4. 

,„ the step S4. the blower 38 operates in a state where the cathode gas Is 
not suppued, and the upstrean^camode gas pathway 32 is negatived pr.ssuri.ed. 

^ a result, a large pressure difference develops between the downstream 
cathode gas channel 33 and the upstream cathode gas channel 32. Cleaning 
of the microscopic pores of the partition wall 28A is thus performed. 

,n the step S3, when the temperature T is greater than zero degrees 
centigrade, the controller 41 , in a step S5, opens the pressure regulating vah^e 
40 opens the pressure control valve 19, opens the first cutoff valve 47, closes 
the second cutoff valve 49, and operates the blower 38. Fur^er, the counter 
value / is reset to zero. The controller 41 completes the routine after the 
processes of the step S5. Power generation by the fuel ceU stack 1 is performed 
in this state. The cathode gas suppUed from the pressure regulating valve 40 
to the fuel cell stack 1 passes through the upstream cathode gas channel 32 
and is temporarily discharged to the external pipe 39A. After being urged by 
the blower 38, the cathode gas is supplied through the external pipe 39B to 
Ure downstream cathode gas cham^el 33 of the fuel cell stack 1 . and is fmally 
discharged to the ambient atmosphere through the pressure regulating valve 

Excess moisture that develops downstream of the downstream cathode 
gas channel 33 in this process passes through the partition wall 2BA due to 



- 28 



the pressure dfflerence between the downstream cathode gas channel 33 and 
the upstream cathode gas channel 32. The cathode gas of the upstream 
cathode gas channel 32 ,s thus humidified. As explained with .espect to the 
fourth embodiment, the pressure difference between the downstream cathode 
gas Channel 33 and the upstream cathode gas channel 32. therefore the 
amount of moisture that passes through the partlUon wall 28A, can be 
n^tamed nearly constant by controlling the openmg of the pressure regulating 

valve 40. In the step S5, the controUer 41 controls the opening of the 
pressure regulating valve 40 in accordance with the power generation load so 
as to attain a predetermined amount of transferred moisture through the 
partitlonwaUaSA. Dryout In the upstream portion of the downstream cathode 
gas channel 33 or flooding m the downstream portion of the downstream 

cathode gas channel 33 can thus be reliably prevented. 

When it is determined m the step SI that the mam switch has not been 
turned on. in other words, when the main switch 51 is m the off position, in a 
step S7. the controller 41 determines whether or not the counter value , has 
reached apredetermlned value N. The counter value /Is a value corresponding 

to the amount of time that has elapsed after the switch 51 has been turned 

off. 

When the counter value / has not reached the predetermtoed value N. in 
a step S8, the controller 41 closes both the pressure regulating vah.e 19 and 
the pressure regulatmg valve 40. closes the first cutoff valve 47. opens the 
second cutoff valve 49. and operates the blower 38. Thereafter, the controller 
41 mcrements the counter value / and completes the routine. 
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According to the processing of the step S8. the upstream cathode gas 
channel 32 is negaUvely pressurized by the operaUon of the blower 38 in a 
state where the inflow and outflow of the cathode gas to and from the 
downstream cathode gas channel 33 are shut off. As a result, moisture that 
remains in the upstream c.thode gas channel 32. in the microscopic pores of 
the porous BPP 28 including the partition wall 28A. and in the downstream 
cathode gas channel 33 is sucked out by the blower 38 and Is trapped in the 
U^uid water t«p 50 provided in the external pipe 39A. "n^e moisture that 
remains Within the porous BPP 28 when the operation of the fuel cell stack 1 

is stopped is thus expelled by repeating the processes of the step S8 such that 
the porous BPP 28 is placed in a dry state. 

When on the other hand the counter value / has reached the predetermined 
value N in the step S7. the controller 41. in a step S9, closes the pressure 
regulating valves 19 and 40. the flrst cutoff valve 47. and the second cutoif 
valve 49, and stops operation of the blower 38. In addition, the counter value / 
IS reset to zero, and subsequent execution of the routine is stopped. That Is 
to say. the step S7 is executed only once when the counter value , has reached 
the predetermined value N. The routine is not executed subsequently until 
the main switch 51 is once again turned on. 

By the execution of this routme. moisture within the porous BPP 28 is 
always removed over a predetermined amount of time when the fuel cell stack 
1 stops operation. Moisture therefore does not freeze within the porous BPP 
28, evenif the temperature drops below zero degrees centigrade while operation 
of the fuel ceU stack 1 Is stopped. Since blockage of the cathode gas channels 
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IS thus prevented, thawing operations are not necessary for the porous BPP 28 
when starting operation of the power generation device. 

Refertng to FIG. 27. a variation of the eighth embodiment wiU be described. 
Herein, a bypass passage 52 that directly connects the cathode gas supply 
passage 3A and the external pipe 39A is additionally formed in the power 
generation device of FIG. 24. and a third cutoff valve 53 is provided for 
opening and closing the bypass passage 52. The bypass passage 52 bypasses 
the pressure regulating valve 40. the upstream cathode gas channel 32. and 

the liquid vrater trap 50. 

The controller 41 executes the cathode gas supply routine of FIG. 26 in 
which tire step S8 is omitted, an opening operation of the Urird cutoff valve 53 
is added to tiie processing of the step S4 and a closing operation tiiereof is 
added to Uie processing of the steps S5 and S9. 

AS a result, tiie cathode gas that is aspirated into the blower 38 from the 
bypass passage 52 is supplied to the downstream caUiode gas passage 32 in a 
startup mode. Since the step S8 is omitted according to tiiis vailatton. 
moisture remaining in the upstream cathode gas pathway 32 and In the 
porous BPP 28 freezes when tire temperature falls below zero degrees centigrade 
while the power generation is not performed. 

However, power generation by the fuel ceU stack 1 becomes possible by 
supplying the caUiode gas direcUy to the downstream cathode gas channel 33. 
ice existing in the upstream cathode gas channel 32 or In the microscopic 
pores of the porous BPP 28 Is defrosted by reaction heat once the fuel cell 
stack 1 begins power generation. The conti-oller 41 closes the third cutoff 
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valve 53 and opens the pressure regulating valve 40 when the ambient temperature 
Thas become greater than zero degrees centigrade, and thereafter the fuel cell 
stack 1 operates normally. 

The energy necessary to remove moisture remaining within the porous 
BPP 28 when the fuel cell stack 1 stops operation can be saved by providing 
the bypass pathway 52 in this way. . 

The contents of Tokugan 2002-265253. with a filing date of September 1 1 . 
2002 in Japan, are hereby incorporated by reference. 

Although the invention has been described above by reference to certain 
embodiments of the invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described 
above will occur to those skilled in the art, in light of the above teachings. 

INDUSTRIAL FIELD OF APPLICATION 

As described above, this invention improves the transporting performance 
of moisture from a moist portion to a dry portion within a membrane electrode 
assembly (MEA) of a polymer electrolyte fuel cell (PEFC). Therefore, particularly 
good results are obtained by applying this invention to vehicle mounted polymer 
electrolyte fuel cells (PEFCs) to which it is difficult to supply water from 
outside. 

The embodiments of this invention in which an exclusive property or 
privilege is claimed are defined as foUows: 



